INTRODUCTION
Pectin and polygalacturonic acid have applications as therapeutic and diagnostic pharmaceutical agents such as the magnetic resonance imaging agent Lumen Hance (Gregory, W et al., 1999) . It has been demonstrated that modified pectin (MPC) to be effective in suppressing or preventing metastases (Eliaz, I., 2001; Eliaz, I., 2011) . Oligogalacturonic acids (OGAs) released from the homogalacturonan backbone have been shown to exhibit a number of biological activities in plants such as induction of defense response and regulation of growth and development (Ridley, B. L. et al.,2001; Kerry hoster Caffall et al.,2009) . Apart from their hormone-like function in plants, OGAs have recently attracted intense interest since they have been demonstrated to inhibit the adherence of bacteria to epithelial cells and might therefore be used as therapeutic agents (Guggenbichler, J. P. et al., 1997(a) ; Guggenbichler, J. P. et al., 1997(b) ). Therefore, reliable analytical methods for the unambiguous characterization of pectin degradation products are urgently needed. Determination of individual pectin contents in fresh or dried biological materials and in their fiber products is an important mixed biopolymer analysis means and food nutrition analysis means for evaluating structure, quality and variety. As a result of the type preparation commercial fibers the pectin in dietary fibers is rich in GalA and contains only small amounts of neutral sugars. In the past years the analysis of water soluble pectin fraction and insoluble pectin fraction in dietary fibers has attracted the interest of the researchers due to their beneficial effects on health. It has been established that fibers in the diet can exert an antioxidant effect; preventing development of atherosclerosis. Various methods have been reported for the determination of pectin in foods, or biological materials including titration (Alfonso, Garcia, E., 2010) , spectrophotometry (M. A. Monsoor et al., 2001) , mass spectrometry (Piet J.H. et al., 1998; Thomas Stoll et al., 2003) . Most of these methods are time-consuming. There is a need for a rapid analytical screening procedure to analyze the pectin. Many review articles covering different theoretical and practical aspects of chromatographic methods and its applications in different fields appeared: an HPLC (Geovana Rocha Placido Moore et al., 2005) , high resolution size-exclusion chromatography (HR-SEC) (S. Vidal et al., 2001) , high-performance size-exclusion chromatography (HPSEC) (Sang-Ho Yoo, et al., 2006; Beda Marcel Yapo et al., 2007) . Schols and other were able to separate pectin populations present in commercial pectin compounds according to their charges, using an HPLC system equipped with an anion exchange column (MA7P column) on an analytical scale (Schols et al., 1989) (Piet J.H. et al., 1998) . The HPLC method with aWAX column was found to discriminate between commercial pectins efficiently: pectins with similar DM (degree of methylesterification) or similar DS (degreeof substitution: methylest ers and amide groups) having different physical properties showed various populations (S. E. Guillotin et al., 2007) . The aim of our research work was the optimisation and validation of a rapid, simple, accurate, selective, sensitive and inexpensive method for simultaneous determination of the pectin and pectin degradation products. In the other part of this work we report the analysis of water soluble pectin fraction and insoluble pectin fraction in dietary fiber samples by HPLC coupled with UV detectors in order to characterise their structure.
Fibers were isolated as soluble and insoluble non-starch polysaccharides. To investigate the influence of different structural features of fibers on its physicochemical properties the treated fibers with 2-propanol were also air-dried at room temperature. After air-drying, dry fiber samples with different structural features were crushed to a powder and made a particle classification using a system to separate fractions of particulate size 0.100 mm and 0.250 mm. The insoluble pectin fraction (AIP) was submitted followed by acid hydrolysis (Ravin, Gnanasambandam, Proctor, A, 1999) . Ground fibers were extracted with 0.1 N HNO3, (1:20, ratio), at 90°C for 40 min in a rotary evaporator, cooled to room temperature in a water bath, and centrifuged (15 min). The supernatant was collected, and the sediment was extracted twice more in 0.1 N HNO3. All the three supernatants were combined and dispersed in equal volumes of 2-propanol to precipitate the pectin, and allowed to settle for about 4 h. The precipitate was collected, centrifuged, dispersed in 2-propanol, stirred for 30 min and centrifuged. This was repeated one more time with 2-propanol and, finally, with 70% 2-propanol. The sediment was dispersed in a small amount of water and freeze dried. The pectin obtained by sequential extraction and the total pectin extracts were each subjected to the following analyses. The water soluble pectin fraction of dietary fibers was extracted with water, with phosphate buffer (pH 4.8) or with 0.01 N Phosphoric acid. This method was developed for identifying (WSP) pectin fraction with 0.01 N Phosphoric acid. The fiber (0.2 g) were dispersed in 100 ml of 0.01 N Phosphoric acid and stirred for 1 h at room temperature. The supernatant was collected, and the sediment was extracted twice more in 0.01 N Phosphoric acid. All the three supernatants were combined, centrifuged. Combined supernatants, after centrifugation were concentrated in a rotary evaporator and then the supernatants were each subjected to the following analyses. HPLC apparatus. An Agilent 1100 HPLC system (Agilent Technologies, Palo Alto CA-USA) operated by Windows NT based ChemStation software was used. The HPLC equipment was used with a diode array detector (DAD). System consisted of a binary pump, degasser and auto sampler. The column used was a C610H: 7.8 mm×300 mm. The ultra-violet spectra (scanning from 190 nm to 400 nm) were recorded for all peaks. High-performance liquid chromatography method. In addition to the gravimetric and other determinations of WSP and AIP were analyzed by the high-performance liquid chromatography method (HPLC). Solutions of samples were filtered through a 0.22 µm pore size membrane filter before injection to chromatography analysis. The HPLC (Ravin, Gnanasambandam, Proctor, A, 1999) was modified for identifying pectin. The HPLC was used to determine galacturonic acid content and pectin of the fiber. D-galacturonic acid monohydrate and polygalacturonic acid (Sigma) was used as standard. All the standard solutions underwent the same type of treatment (were filtered through a 0.22 µm disposable filter disk). Phosphoric acid (0.01 N) with a flow rate 0.70 ml/min was used as the mobile phase. Ten μl of samples were injected and the detection wavelength was 210 nm. The identification of compounds was achieved by comparing their UV spectra and retention times of separated peaks with retention times of standards. For comparison of retention times of galacturonic acid, polygalacturonic acid and pectin with pure standards of organic acids the flow rate of 0.5 ml/min and 0.7 ml/min was used. Composition was determined as total uronic acids (galacturonic acid content) (Selvendran et al., 1979) and degree of methyl-esterification (DME) of pectin polysaccharides by the method described by Femenia et al. (1999) was expressed as percent methoxy groups. In addition to these methods composition was determined as total uronic acids (galacturonic acid content) and degree of methylesterification (DME) of pectin polysaccharides by the titration method described by Nelina, V.V. and et al. using a conductivity meter (Nelina, V., V. et al., 1992; Ignatieva, G., N., 2001 ). The molecular weight was determined as the intrinsic viscosity by the method described by Nelina, V.V. and et al. (1992) , where "a" should go to 1.22 and K=1.1 x 10 -5 Statistical analysis. All measurements were performed in triplicates and the values were averaged and reported along with the standard deviation (± S.D). Multivariate analysis of data was performed by using Stat graphics V.7.1 program.
RESULTS AND DISCUSSION
The dietary fibers. It has been established that properties of dietary fibers depend on the ratio of soluble and insoluble parts and on the pectin content. The structure of dietary fibers has an influence on their chromatographic behavior. To investigate the influence of different structural features of fibers on its chromatographic behavior the dietary fibers were obtained from peel, "frit", "core" of dry and fresh lemons and of fresh oranges by using different technologies ("A" and "B"). Dry fiber samples were crushed to a powder of particle size 0.10÷0.25 mm. According to results of the investigation the dietary fibers can be divided in to two groups. In the first groups, the content of AIP is approximately equal to fruit's content and in the second groups it is significantly low. The following samples of fiber obtained by the technology "A" are corresponded to the first group, having a relatively higher content of insoluble pectin fraction. In this work, the content of AIP in the dietary fibers was studied, compared with the content of WSP. The fiber samples obtained by the technology "B" are corresponded to the second group. The selected samples contain 18.3÷37.1% of WSP and 10.7÷23.1% of AIP. Pectin fractions of dietary fibers were extracted with water (or with phosphate buffer, pH 4.8) and with 0.1 N HNO3. Data on the aqueous extraction and acid extraction are presented in the table 1. Table 1 shows the comparative content of galacturonic acid, methoxyl groups (DME) in the water soluble pectin fraction and in the insoluble pectin fraction and molecular weight of both these pectin fractions. Analysis of this table demonstrates that the content of galacturonic acid was in the range 32.5÷ 46.6% and 23.5÷ 74.7%, respectively for WSP and AIP. The content of methoxyl groups (DME) was 6÷25.8% in the case of WSP and 24.6÷38.7% in AIP. The molecular weight of WSP and AIP was in the range 5÷ 48 KDa and 19 ÷ 70 KDa, respectively. The HPLC analyses galacturonic acid. The dietary fibers obtained in our laboratories and its aqueous and acid pectin extractions have been applied to develop the HPLC as a reliable analytical method. Numerous studies have been reported on the size exclusion chromatography analysis of homogeneity (polydispersity) of pectin and polygalacturonic acid using modes of detection including refractive index, ultraviolet absorption, laser light scattering, and viscometry (L. Cheng et.al., 1997; M.L. Fishman et.al., 1984; P.D. Hoagland et.al., 1993; D. Hourdet et.al., 1991; H.G. Barth, 1980) . Our focus was to develop a simple, reproducible, and high-performance chromatography (HPLC) method using mode of ultraviolet absorption which allowed rapid screening of commercially available polygalacturonic acid raw materials and the pectin fraction. To develop this method, it was needed to study UV-absorbance of galacturonic acid and relationship between its concentration and UV-absorbance. The aqueous solution (buffer, pH 4.8) was selected for estimation, therefor was scanned in the wavelength range 190÷400 nm. The spectrum showed a welldefined peak. The UV spectrum investigations demonstrated a singlet of maximum absorbance between wavelengths 190 nm and 208 nm corresponding to the purified galacturonic acid. This peak can be attributed to the galacturonic acid or its derivative. As was observed, the position of spectral maxima presented in the region around 190 nm is changed to wavelength 208 nm by increasing concentration of galacturonic acid. The results of UV spectrum demonstrated the linearity relationship between the concentration and UV-absorbance with high correlation 0.996 which was maintained over the concentration range of 0.04÷0.25% g/ml (mass/volume percentage, %w/v) for galacturonic acid (Fig 1) .
Figure 1
Relationship between the concentration of galacturonic acid and UV-absorbance at 210 nm measured by using UV spectrophotometric method.
Chromatographic analyses of organic acids, based on the method described by Chen, En, and Zhang were carried out using the HPLC equipped with UV detection at wavelength 214 nm (Chen, Z. G. et. al.,2006) 265 nm (Sara, C. Cunha et.al., 2002) and 210 nm, as was done in this study. It can be concluded that this method may be used with the detection at the same wavelength (210 nm) for galacturonic acid. The HPLC elution of galacturonic acid standard at 0.7 ml/min resulted in two peaks in the region 5÷9 min (data not showed). It was observed that the area of second peak is increased from 145.550 mAU x s to 3206.94 mAU x s as the galacturonic acid content increased from 4.49 x 10 -2 %g/ml to 100.3 x 10 -2 %g/ml, respectively. The elution profile (e. g. the area of this peak and its position) are independent of pectin excipients, of polygalacturonic excipients. Thus the retention time of the second peak may be used to identify the galacturonic acid. Data of the HPLC chromatograms of galacturonic acid (the retention time, the area of peaks and the corresponded concentration of standard solutions) are presented in the table 2 and figure 2A. 
3206.94
Legend:*Retention time (t); ** Concentration of galacturonic acid, %g/ml;*** Area of peak, mAU x s.
All values are corresponded to the mean of three replicated determinations. This table are illustrated that the retention time of galacturonic acid was in the range of minimum 8.522 min to maximum 8.619 min. According to the retention time of standard organic acids, the peak around 8.557 min can be attributed to galacturonic acid. Data of statistical analysis of the retention time for galacturonic acid standard solutions are presented in the table 3.
The differences in the retention time of galacturonic acid were not statistically significant having the mean, standard deviation (std.dev), standard error (std. error) and confidence interval of mean (C.I. of means): 8.557 ± 3.01 x 10 -2 ; 0.752 x 10 -2 and 1.600 x 10 -2 , respectively. However, it was observed that a change of the galacturonic acid concentration in standard solutions from 4.49 x 10 -2 %g/ml to 100.3 x 10 -2 %g/ml (Tab 2) might result in differences of retention times between standard samples. The results are summarized in figure 3A . In general the value of retention time for standard solution having 100.3 x 10 -2 %g/ml galacturonic acid was slightly higher (8.619 min) than for standard solution having 24.06 x 10 -2 %g/ml galacturonic acid (8.541 min) and 4.49 x 10 -2 %g/ml galacturonic acid (8.528 min) but these differences are less than <<0.5 min. The relative precision of methods is compared by calculating their percent relative standard deviation. The relative standard deviation of galacturonic acid qualification at 0.7 ml/min flow rate is 0.35%.
For rapid identification and quantification of galacturonic acid the calibration curve was constructed to quantify the composition in real samples with the aid of this curve. The calibration curve of pure standard was constructed by triplicate determinations of each 16 concentrations (Tab 2). The relationship between galacturonic acid content and peak area revealed a straight line with the correlation coefficient of 0.9997. Data were fitted to the equation Y= 3227.8X -0.3211 where "Y" is the peak area and "X" is concentration in %g/ml (Fig 4A) . The line equation and standard deviations obtained for the UV spectrophotometric method were compared to those obtained for the HPLC method. The calibration curve of UV spectrophotometric method of the galacturonic acid had features Y= 3.7289X + 0.0778, the correlation coefficient of 0.996 similar to the calibration curve of HPLC chromatogram Y= 32227.8X -0.3211 (Fig 1; 4A) . It should be noted that the chromatographic analysis was carried out using the bigger concentration range (0.04÷1.00%g/ml) than the UV spectrophotometric method (0.04÷0.25%g/ml). The HPLC analyses polygalacturonic acid. To determine the detection parameters of the polygalacturnic acid by HPLC method its spectroscopic properties at 190÷400 nm were studied. In agreement with the chemical analysis, the UV spectrum of polygalacturoic acid clearly shows the typical signal pattern expected for this structure moiety. There were two peaks in the spectrum. Peaks were equal in shape and different in intensity. Absorption in the UV region is mainly caused by electronic transition of bonds. These signals of polygalacturonic acid at 200 nm, 254 nm are corresponded to the π-π and n-π of electronic transitions, respectively. The dominant absorption at 200 nm was attributed to the π-π of electronic transitions. Therefore, it can be concluded that the detection at wavelength 210 nm could be preferable for polygalacturonic acid as for galacturonic acid. The chromatographic behavior of standard solutions was studied by using the flow rate 0.5 ml/min (a) and 0.7 ml/min (b). Data HPLC chromatograms of standard solutions of the polygalacturonic acid are presented in the table 4 (retention times, the area of peaks). Legend:*The flow rate was 0.5 ml/min (a) and 0.7 ml/min (b).
The samples used for calibration curve were also used to determine relationship between the retention time of polygalacturonic acid and the flow rate of mobile phase; the retention time of polygalacturonic acid and the concentration in standard solutions; the peak area and the flow rate of mobile phase. The mixtures of pectin, polygalacturonic acid and other organic acids resulted in low resolution of the chromatographic separation at 0.5 ml/min that usually is used for the analysis of organic acids and neutral sugars, thereby making complexity the identification and quantification of the polygalacturonic acid and pectin at this flow rate. The polygalacturonic acid is eluted at 7.851 min by using 0. , respectively) or one peak at 7.980 min by using the same 0.5 ml/min flow rate (Tab 5). Legend:* Number of peaks. ** The separation was performed on a C610H column. The flow rate was 0.5 ml/min (a) and 0.7 ml/min (b).
Additionally, evaluating of the method's precision for 3 days the HPLC separation of WSP and AIP are confirmed two peaks at 7.968 min (average), 8.788 min (average) or one peak at 7.968 min (average). The elution profiles of both runs were identical. The HPLC chromatogram of the following compounds (citric, isocitric, malic lactic, tartaric and ascorbic acids) showed the peaks of chromatographic profile in the range from 9.00 min to 21.71 min on the 210 nm.
The retention times of different organic acids were identified by comparison of their retention times with those of pure standards of other workers (Supelco Sigma-Aldrich Quimica, S.A. 2001). Finally, the peak of oxalic acid (9.06 min) located close to peak ranges of WSP and AIP 7.924÷8.160 min and 7.978÷8.017 and to 9.001 min, respectively (Tab 6; 7). .702 74931 n n Legend:* The flow rate was 0.5 ml/min (a) and 0.7 ml/min (b). **Dietary fibers the No.1-16 were produced by using the technology "A", the No.17-24 were produced by using the technology "B", the No.1-6 were produced from orange raw material, the No.7-24 were produced from lemon raw material. *** Area of peak, mAU x s. n-No isolates. .648 61035 n n Legend:* The flow rate was 0.5 ml/min (a) and 0.7 ml/min (b). **Dietary fibers were produced by using the technology "B". n-No isolates.
This was the reason for seeking a flow rate of elution which would enable to achieve a suitable resolution of samples which being studied. For this purpose, the chromatographic separation was tested using 0.7 ml/min flow rate. The use 0.7 ml/min allowed accelerated elution of the polygalacturonic acid. The chromatograms corresponding to polygalacturonic acid showed a peak to approximately at 5.6 min (Tab 4).
The direct analysis of polygalacturonic acid by HPLC does not have the potential problems but there have been considerable difficulties in the procedure optimized this analytical technique. The peak area was dependent of the flow rate of elution. The change of mobile phase flow from 0.5 ml/min to 0.7 ml/min resulted in the variation of retention time for polygalacturonic acid and significantly decreased of the peak area from 23. 030; 56.930; 668.29 to 15.656; 34.870; 496.92, respectively (Tab 4) . The use of flow-rate 0.5 ml/min can cause co-elution of pectin compounds and organic acids. Gregory W. White and et. al (1999) have been reported that since polygalacturonic acid is insoluble in acidic aqueous solutions, therefore for procedure optimized of the solvent system to be use a neutral buffered solution (50 mM phosphate buffer, pH 6.9). It was suggested the first, that the most successful approach to use the HPLC has been via the change pH of the solvent system. The second, using flow-rate of 0.7 ml/min, it was possible to obtain good quality chromatogram profile, injecting 10 μl into the column C610H. The peak position of polygalacturonic acid in range 5.596÷ 5.605 min at 0.7 ml/min (Tab 4) was confirmed by HPLC analysis of this pure standard component (Fig 2B) . The retention times not varied between different series, in contrast to series of galacturonic acid chromatograms. The mean of polygalacturonic acid retention times of HPLC chromatograms and data of its statistical analysis are presented in the table 3. The relative standard deviation, standard deviation, standard error and confidence interval of retention time were 0.06%; 0.323 x 10 -2 ; 0.108 x 10 -2 ; 0.248 x 10 -2 respectively. The extent of deviations the polygalacturonic acid retention time is plotted as a function of concentration in order to determine the range, which can be assessed as a function of concentration. Deviations the retention time of standard solutions of polygalacturonic acid were between 5.596 min and 5.605 min for the 0.6÷50.0 x 10 -2 %g/ ml concentrations ( Fig 3B) . Concentrations of standard solutions of polygalacturonic acid from 0.59 x 10 -2 %g/ml to 50.0 x 10 -2 %g/ml are corresponded to area of peaks from 11.210 mAU x s to 496.92 mAU x s. Regression analysis showed a linear relationship between the peak area and the content of polygalacturonic acid. The calibration graph was constructed after analysis of 10 different concentrations with each concentration was measured three times. The fitted model was represented by the calibration equation: Y= 1009.8X -14.774 where "Y" is the peak area and "X" is the concentration in %g/ml with the correlation coefficient of 0.99 (Fig 4B) . The calibration graph of the area versus concentration was found to be linear over 1.7÷50.0 x 10 -2 %g/ml range. The method's precision was demonstrated by evaluating concentration linearity of the calibration curve, on the same column, for 3 days. The coefficient of correlation was 0.999 for the three linear regression analyses. The HPLC method for pectin substance analysis of dietary fibers. It is expected that the HPLC method established might also be useful for the direct determination of pectin fractions in dietary fibers. In this regard the identities of various constituents of all pectin fractions were verified by means of their retention times as well as by the comparison of their peaks to standard additions (polygalacturonic acid and galacturonic acid). The chromatograms corresponding to pure polygalacturonic acid gave one peak (5.600 min) at 1.7÷50.0 x 10 -2 %g/ml range. The chromatograms corresponding to pure galacturonic acid gave one peak (8.557 min) at 4.5÷100.0 x 10 -2 %g/ml range. Table 6 and 7 are illustrated the data of 24 samples of WSP and AIP by using flow rate 0.5 ml/min and 0.7 ml/min. The chromatograms corresponding to pectin fractions gave two peaks around 7.980 min and 8.748 min (data not showed); 5.615 min and 5.855 min (Fig 5A; B) by using 0.5 ml/min and 0.7 ml/min flow rate, respectively (Tab 5). The statistical significance of retention times, the standard deviation, standard error, confidence interval of mean was determined for each of two flow rate (Tab 5). According to presented data of HPLC pectin fractions, the values of retention time for the first peak are between 5.553÷5.702 min (Tab 5) at 0.7 ml/min flow rate. The metrological characteristics of retention time of water soluble pectin fractions and insoluble pectin fractions were as follows: standard deviation 3.55 x 10 -2 ; standard error 0.725 x 10 -2
. These values were the greater than metrological characteristics of retention time of polygalacturonic acid (standard error 0.108 x 10 -2 and standard deviation 0.323 x 10 -2 ) (Tab 3), but the relative standard deviation of retention time at a confidence probability of 0.95 does not exceed 0.63%. In classical HPLC the peak broadening, tailing, and considerable variability of absolute retention times are sometimes inevitable that may often reach up to 5% unless conditions are fully optimized. The tolerably small differences between the retention time of individual samples (Tab 6 and 7) may be attributed to slight differences in the column properties that occur during the relatively long recording time of the chromatogram and more may be attributed to differences in the pectin properties such as polydispersity. The chromatogram profile obtained for pectin solution in the presence of excipients was identical with that obtained for standard solution containing an equivalent concentration of pectin fraction indicating that the retention time and the area of peak don't change. It was concluded that the excipients did not interfere to quantification of pectin fractions in this method and the proposed method could be considered specific to determinate of the pectin. The ruggedness of the proposed method was evaluated by applying the developed procedures to assay of pectin fractions using the same instrument by two different analysts under the same optimized conditions at different days. The obtained results were found to be reproducible, since there was no significant difference between analysts (data not showed). Thus, the proposed method could be considered rugged. Finally, the results from the cross validation were used to develop a final calibration model. The same statistical data of the mean of peak area, 95% confidence intervals of means, standard deviation, standard error (SEM) and the average relative standard deviation of peak area between values of all relative standard deviations were calculated. The mean of presented area of each sample was determined by taking the average values of three replicate analyses. Data of statistical analysis of the peak area for pectin solutions are presented in the table 8. 
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A more appropriate range for the concentration of pectin fractions is a 0.04÷0.19%g/ml (Fig 3C) that the retention time is generated directly in a stable range 5. ; 0.186 x 10 -2 by using the dilution of initial solutions in 316.3 times, respectively. The relative standard deviation, std.dev, std. error and C.I. of retention time are 0.26%; 1.470 x 10 -2 ; 0.463 x 10 -2 ; 1.050 x 10 -2 by using of initial solutions with higher concentration, respectively (Tab 10). From a comparison of the all chromatograms, it could be clearly seen that the best separations are those achieved with column (C610H) with using 0.7 ml/min flow rate. This paper investigates the application of this HPLC method that can be used to analyze either galacturonic acid, polygalacturonic acid, pectin fractions in dietary fibers or in natural products, pharmaceutical agents. In order to optimize the respective flow rate of elution, the water soluble pectin fraction and insoluble pectin fraction with the different characteristics (molecular weigh 5÷70 KDa, galacturonic acid content 23.5÷74.7% and 0÷37.7% (DME) methoxyl content of pectin) were used. The formulation of products with water soluble pectin fraction and insoluble pectin fraction is recommended over the use of the calibration equation of polygalacturonic acid for three reasons. Firstly, the typical chromatogram profile of pectin solution by the HPLC method detailed here is corresponded to the chromatogram profile of polygalacturonic acid standard.
Secondly, the pectin with the molecular weight 5÷70 KDa, galacturonic acid content 23.5÷74.7%, degree of esterification 0÷37.7% were eluted at the same time as polygalacturonic acid of about 5.600 min between 5.599 min and 5.644 min (as shown by figure. 6 A, B, C). Thirdly, previous studies indicated that the pectin may be detected at 210 nm as the polygalacturonic acid (S.E. Guillotin et.al., 2007) In table 6 and 7 the chromatograms corresponding to most of the samples of water soluble pectin fraction gave two peaks at the retention time of around 5.6 min and 5.8 min. This explanation may be that these pectin fractions represent a mixture of pectin compounds with various degrees of polymerization, similar chemical structures. The method described above can be used to investigate the pectin with heterogeneity. We suggested that the concentration of polydispersity pectin samples having two peaks must be received through summation of all area the related peaks.
Figure 6
The relationship between the retention time and molecular weight of pectin (A), degree of esterification (DME) of pectin (B) and per cent galacturonic acid in the pectin (C).
CONCLUSION
In this study a rapid, accurate, precise, sensitive and selective HPLC method was developed for the determination of galacturonic acid, polygalacturonic acid and pectin compounds. Moreover, this method is simple and inexpensive and it can be employed for the routine quality control of dietary fibers. 
